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FIT4 LIGAND AND METHODS OF USE denaturation and degradation and dispersing the FGFs. 

Cultured endothelial cells express the FGF-I receptor but no 
FIELD OF THE INVENTION , significant levels of other high-affinity fibroblast growth 

The present invention generally relates to the field of haot rece P ton >- / . , , ' ' 

genetic engineering and more particularly to growth factors 5 Among other ligands for receptor tyrosine bnases, the 

for endothelial celb and growth factor genes.* , platelet derived growth factor, PDGF-BB, has been shown to 

be weakly angiogenic in the chick chorioallantoic mem- 

BACKGROUND OF THE INVENTION brane. Risau, et aU Growth Factors, 7:261-266 (1992). 

, , , , „. . «„ a „^; ( ;nn Transforming growth factor a (TGFa) is an angiogenic factor 

Developmental growth, t e remodeUing and ^ ™ 10 sccreted by Several tumor cell types and by "macrophages, 

of adult tissues as well as solid tumor growth can oaly occur y IV ^ ^ ^ ^ 

when accompanied by blood vessel fo^Uoo. Myoblasts .. ^-oncogen-encoded receptor, is ato stroagly aagio- 

and hematopoietic precursor cells differentiate from the r . s r . 

mesoderm and form the blood islands of the yolk sac and the genie. 

primary vascular svstem of the embryo. The development of Recent evince shows that there are endothelial cell 

blood vessels from these early (in situ) differentiating endot- spectnc growth factors and receptors that may be primarily 

helial cells is termed vasculogenesis. Major embryonic responsible tor the stimulation of endothelial cell growth, 

blood vessels are believed to arise via vasculogenesis, . differentiation and certain differentiated functions. The best 

whereas the format.on of the rest of the vascular tree is studied of these is vascular endothelia growth factor 
thought to occur as a result of vascular sprouting from - (VEGF), a member ot the PDGF family. Vascular endo.he- 

pre-existing vessels, a process called angiogenesis, Risau, et "° ^ growth factor is a dime nc glycoprotein , of disulfide- 

al Devel Biol 125-441-450 (1988). linked 23 kDa subunits, discovered because of its mitogeaie . 

' ' . . , [t ,„„„n„ activity toward endothelial cells and its ability to induce 

Endothelial cells givers to several ypes of h^oagly ■ V . ^ ^ ^ ^ ^ 

and morpho ogically distinct vessels When organ^ differ- ^ factof ^ repor(ed effecls of VEGF include 

entiate and begin to perform their sp eon c rune ions the 23 * Q [ mlraceUubr cllcium , the of 

ohenotvmc heteroeeneiv of endothelial ceils increases.. , ■ ■ u-u-* ^ 

pnenoiypLt ucLciugcu i y . . . rp plasminogen activator and plasminogen activator inhibitor- 1 

Uoon anizioeemc stimu ation. endothelial cells may re-enter - f . & r » 

upuu dugiu^uu. aiuiiui , a synthesis, stimu ation of hexose transport in endothelial 

the cell cycle, migrate, withdraw from the cell cycle and a J lLi * im . . r . ^ 

, , j-h: - , - t' n»M, U p«Pk rhit 3 rP ceUs, and. promotion of monocyte migration in vitro. Four 

subsequent y differentiate again to torm new vessels that are T j- ♦ DWA " r, 

■ i r ■ . ■ . GnrWh-iiir VEGF isotorms encoded by distinct mRNA splice variants 

tunctiona lv adapted to theu* tissue environment, hndotnelial 30 . _ r 

lULuiuudiiyaudpiw u u t ,,- u_ appear to be equa y capable of stimulating ontogenesis in 

cells undergoing angiogenesis degradelhe underlying base- ■ *y- . . . ? n -J f u u ^ff ~ , 

, a s , ■ ■ e- ■ ■ -n ,. '.endothelial -cells-. However, each has a different amnity tor 

, rnent membrane and migrate, formiog capillary sprouts that C '7 U ' 1 AO 1 , ' . 

^ - • , i.,™-, AninrimL- et * I cel1 surtace proteoglycans, which behave as low afEnity 

l^^ TAnSni ^ g receptors for VEGF The 121 and 165 amino actd tso forms. 

Microbe 14 31 oj j jf- rtn r :„ ht i* of VEGF are secreted in a soluble form, whereas the 

tissue development and regeneration depends on the tigotly ^ . . ^^^^ 

, t j ' f ^11 nmiiFpr.tinn isoforms of 189 and 206 amino acid residues remain cell 

controlled processes of endothelial cell protireration, , rt ■„ 

, - , rwfWt™ «f th^ surface associated and have a strong affinity for heparin, 

migration, diftereotiation and survival. Dysfunction ot the J ... 

• endothelial cell regulatory system is a key feature of many The pattern of VEGF expression suggests its involvement 

diseases Most importantly, tumor growth and metastasis . in the development and maintenance of the normal vascular 

have been shown to be angiogenesis dependent. Folkman, et 40 system and .m tumor angiogenesis. During murine 

al J Biol Chem ^67 1093 1-10934 (19<P) development, the entire 1 7.5- day ppst-coUal (p.c.) endoderm 

"Key signals regulating cell growth and differentiation are expresses VEGF and the ventricular neuroectoderm pro- 

mediated by. polypeptide growTh factors and their transmem- , duc.« VEGF at ^ capillary ingrowth stage. Bre.er et a . 

f uvk „ f ^in, L-inp^^ Antn Development, 114:^21-^23. (1992). On day two of quail 

brane receptors, many of which are tyrosine kinases. Auto- ■ . , j ? ,u u 

r , , ■ . f „ rf>cin „ i.; n -. Ci , inc^rt e development, the vascularized area ot the yolk sac as well a-, 

phosphorylated peptides within -the tyrosine kinase insert 45 k ' F wcr-c i« ,^; t ^o 

j 1 f ] rt f ,- t ; W9 ,»H rprmtnr^ 3 rp tbe who e embryo show expression of VEGF. In addition,, 

and carboxvt-termmal sequences ot activated receptors are ,. M . 7 - , r , , . r • . u ■ 

commonly 'recognaed by kinase substrates involved in " ep^hehal cells next to fenestrated endothe :ha m adult m e 

signal , ra sductton for the readjustment of gene expression show persistent VEGF e -*P«*™' s »^^^ 

in responding cells. Several families of receptor tyrosine rnaimenance ot this specific endothelial phenotype and 

kinases have been characterized. Van der Geer, et al., Ann. 50 function. 

Rev Cell Biol. 10: 251-337 (1994). The major growth . Two high affinity receptors for VEGF have been charac- 

factors and receptors transducing angiogenic stimuli are terized. These are VEGFR-l/Flt-l (fms-like tyrosine kinase - 

schematicallv shown in FIG." 1. 0 and VEGFR-2/Kdr/Flk-l (kinase insert domain contain- 

Fibroblast' growth factors are.' also known -lo be involved. i°S receptor/fetal liver kinase- 1). Those receptors are 

in the regulation of angiogenesis. They have been shown to 55 classified in the PDGF-receptor tamily but they have seven 

be railogerue and chemotactic for cultured endothehal cells. "'her than nv« .mmunoglobulin-like loops in their extra- 

F,broblasi ,row,h factor abo stimulate the production of . cellular domain and they possess a longer kinase msernhan 

proteases, such as collagenases and plasminogen activators, normally observed in this famdy. The expression o VEGF 

and induce tube formation by endothelial cells. Saksela, et receptors occurs mainly in vascular endothelial cells, 

al Ann Rev Cell Biol 4 93-126 (1988). There are two 60 although some may be present on monocytes and melanoma 

general classes of fibroblast growth factors, FGF-1 and cells. Only endothelial cells have been reported to proliferate 

' FGF-2, both of which- lack conventional Signal peptides. in. ^poose to VEGF and endothelial cells from different 

Both types have an affinity for heparin and FGF-2 is bound sources show different responses. Thus, the signals mediated 

to heparin sulfate proteoglycans in the subendothekal extra- trough VEGFR-1 and VEGFR-2 appear to be cell type 

cellular matrix from which it may be released after injury. 65 specific. 

Heparin" potentiates the stimulation of endothelial cell- pro- The Fll4 receptor tyrosine kinase is closely related in 

liferaiion by angiogenic FGFs, both by protecting against structure lo the products of . the VEGER-1 and VEGFR-2 
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genes. Despite this similarity, the mature form of Flt4 differs disease states, wound healing, or certain hematopoietic or 

from the VEGF receptors in that if is proteolyticaily cleaved leukemia cells or they may be used to block or activate the 

in the extracellular domain into two disulfide-Iinked FU4 receptor. Labeled FU4 ligand and anti-FU4 ligand anti- 

polypeptides. Pajusola et aL, Cancer Res'., 52:5738-5743 bodies may be used as imaging agents in the detection of 

(1992). The 4.5 and 5.3 kb FIt-4 mRNAs encode polypep- 5 lymphatic vessels, high endothelial venules; and FU4. recep- 

tides which differ in their C-termim due to the use of tors expressed in histocbemical tissue sect ions. The ligand or 

alternative- 3' exons. The VEGFs do not show, specific antibody may be covalently or non-covaiently coupled to a 

binding to FU4 or induce its autophosphorytation. suitable supermagnetic, paramagnetic, electron dense, 

Expression of Flt4 appears to be more restricted than echogenic, or radioactive agent for imaging. Other, non- 
expression of VEGFR-1 or VEGFR.2. Toe expression of 10 radioactive labels, such as biotin and avidin may also be 

Flt4 first becomes detectable by in situ hybridization in the used. 

angioblasts of head mesenchyme,, the cardinal vein, and The present invention also provides diagnostic and ciini- 

extraembryonically in the allantois of 8.5 day p.c. mouse; cal applications for claimed ligands. In a preferred 

embryos. In 12,5 day p.c. embryos the Fit -4 signal is embodiment, FU4 ligands or precursors of the invention are 
observed in developing venous and presumptive lymphatic 15 used to accelerate angiogenesis e.g. during wound healin^ or 

endothelia, but arterial endothelia appear aegative. During to promote the endothelial functions of lymphatic vessels, 

later stages of development, FU4 mRNA becomes restricted Ligands may be applied in any suitable manner using an 

to developing lymphatic vessels. Only the lymphaticendot- appropriate pharmaceutically-acceptable vehicle, Ligands 

helia and some high endothelial venules express Rt4 mRNA may also be used to quantify future metastatic risk by 

. in adult human tissues and increased expression occurs in 20 assaying biopsy material for the presence of active receptors 

lymphatic sinuses, in metastatic lymph nodes and in lym- or ligands in a binding assay or kit using detectably-labeled 

phangioma. These results support the theory of the veaous ligand. An Flt4 ligand according to the invention may also 

origin of lymphatic vessels. be used to promote re -growth or permeability of lymphatic 

rt vessels in, for example, organ transplant patients. Lieands 

SUMMARY OF THE INVENTION „ according t0 the J en!ioD f may £ be ^ [Q J™* 

.The present invention provides a ligand for the Flt4 prevent inflammation, edema, aplasia of the lymphatic 

receptor tyrosine kinase. In a preferred embodiment, the vessels, lymphatic obstruction, elephantiasis, and Mhxoy's 

ligand comprises a fragment of the amino acid sequence disease. Finally, Rt4 ligands may be used to stimulate 

shown in SEQ ID NO: 33 which specifically binds to the . lymphocyte production and maturation and to promote or 

FU4 receptor tyrosine kinase. 30 inhibit trafficking of leukocytes between tissues and lym- 

The present invention also provides a precursor of an Flt4 ' phatic vessels or. to affect migration in and out of the thymus, 

ligand, wherein the precursor comprises the amino acid Inhibitors of the Flt4 ligand may be used to control 

Sequence shown in SEQ ID NO: 33. The precursor is. ." endothelial cell proliferation and lymphangiomas. For 

proteolyticaily cleaved upon expression to produce an example, such inhibitors may be used to arrest metastatic 

' approximately 23 kD peptide which is the Flt4 ligand. In growth or, spread or to control other aspects of endothelial 

preferred embodiment, of the invention, an Flt4 ligand is cel1 expression and growth. Inhibitors include antibodies, 

provided which is the cleavage product of the precursor antisense oligonucleotides, and peptides which block the 

peptide shown in SEQ ID NO: 33 and which has a molecular Flt4 receptor. 

weight of approximately 23 kD under reducing conditions. ^ DESCRIPTION OF THE DRAWINGS 
1 he Ht4 ligand comprises approximately the first ISO ammo 

acids- shown in SEQ ID NO: 33. FIG. 1 is a schematic diagram showing major endothelial , 

Also in a preferred embodiment, nucleic adds encoding Cel1 a ° d gr ° Wth faCto£S involved in 

an FU4 ligand precursor are presented. Due to the degent v ^ 0 g^sis and angiogenesis. 

eracy.of the genetic code, numerous such coding sequences - ' FIGS ' 2A and 25 show schematically the construction of 

are "possible, each having in- common the coding of the [he P LTRFU41 expression vector 

amino acid sequence shown in SEQ ID NO: 33, or portions ' FlG - 3 shows schematically the construction of the bacu- 

thereof. Ligand precursors according to the invention, when lo virus vector encoding a secreted soluble FU4EC domain 

expressed in an appropriate host cell, produce, via cleavage, FIG. 4 shows results of stimulation of FU4 autophospho- 

a -peptide which binds specifically to the-- FU4 receptor so >7 lat ion by conditioned medium from PC-3 cell cultures, 

tyrosine kinase. The nucleotide sequence encoding the Flt4 * FIGS. 5A-5C show that the tyrosyl phosphorylated 

ligand is within the nucleotide sequence shown in SEQ ID polypeptide of Flt4-transfected cells stimulated with PC-3 

NO: 32. ^ r _ conditioned medium is the 125 kD FU4 polypeptide. 

The present invention also provides a cell line which FIGS. 6 A and 6B show Western analysis of the Flt4 ligand 

produces an FU4 ligand. The ligand may be purified and 55 _ aot ivity isolated from PC-3 conditioned medium, 

isolated directly from the cell culture medium. Also pro- , FIG. 7 shows results of gel electrophoresis of fractions 

vided are vectors comprising DNA encoding the FU4 ligand from the Western analysis of Flt4 ligand isolated from PC-3 

and host cells comprising the vectors. Vectors are capable of conditioned medium; 

expressing the FU4 ligand under the control of appropriate FIG. 8 shows results of Western analysis of Flt4 auto- 
promoters and other control sequences. 60 phosphorylation induced by either the Flt4 ligand, VEGF, or 

Ligands according to the invention may be labeled with a P1GF. . ' 

delectable label and used to identify their corresponding FIGS. 9A through 9C show the nucleotide and deduced, 

receptors in situ. Antibodies, both monoclonal and V amino acid sequence of the coding portion of Flt4 Ligand 

polyclonal, may be made against a ligand of the invention cDNA. , 

according to standard techniques in the art. Such antibodies 65 ■ FIGS. 10A and 10B show a comparison .of the deduced 

may he used m diagnostic applications to monitor - ammo acid sequences of PDGF-A, -8, two PIGFiso forms, 

angLOgencsis, vascularization, lymphatic vessels and their four VEGF isotorms and "FH4 ligand. . • 
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FIG. 11 shows the stimulation of autophosphorylatioa of with T4 DNA polymerase to bluat the ends and cDNAjwas 

the FU4 receptor by conditioned medium from cells trans- purified with Centricon 100 (Amicon Inc., Beverly, Mass.). 

fected with the FU4-L expression vector Circularization was made in a total volume of 150 uh The^ 

FIG. 12 shows Northern blotting analysis of 'FU4-L reaction mixture contained ligation buffer, 5% PEG-3000, 1 

mRNA in tumor cell lines. , 5 mM DTT and 3 U of T4 DNA.ligase (New England 

Biolabs). Ligation was carried out at 16° C. for 16 hours. 

DETAILED DESCRIPTION OF THE Fifteen jui of this reaction mix was used in a standard 100 /d 

INVENTION \ PCR reaction containing 100 ng of specific primers includ- 

ing SacI and PstI restriction sites, present in this segment of 
The present invention is directed to novel growth tactors {Q the cDNAt aQd { UQlt of T DNA polymerase (Perkin 
which, are ligands for the Flt4 receptor tyrosine kinase. Elmer Cctus). Two rounds of PCR were performed using 33 
Claimed iigands are members of a- family of platelet-derived cycles (denaturation at 95° C. for 1 minute, annealing at 55° 
growth factors/vascular endothelial growth factors ■ which C for 2 minutes and elongation at 72° C. for 4 mmutes) The 
promote mitosis and proliferation of vascular endothelial PC g mLXture was treated sequentiallv with the Saci and PstI 
cells and/or mesodermal cells. Ligands recognizing the FU4 ^ resinctlQD enzyrne s and after purification with MagicPCR 
receptor tyrosine kinase were purified from a PC-3 prostatic ' Preps (p roraega ) QNA fragments were subcioned into the 
adenocarcinoma cell line (ATCC CRLL435). When applied p GEM32f(4-) vector for sequencing. The sequence obtained 
to a population of cells expressing the Flt4 receptor,. iigands corresponds to the 5' end of the Flt4s cDNA clone deposited 
of the invention stimulate autophosphorylation, resulting m m the Genbank Database as Accession No X68?Q3 
receptor activation. The invention also provides inhibitors of 2Q m sequence encodl tfae firat u ^ 
the FU4 receptor, including antibodies directed against the was added t0 the expressi0D COD struct by ligating an SphI 
receptor. A hgand according tc > the mveation may be coex^ digested pcR f meQt ampllfied us i ng % e verse 
pressed as a larger precursor which is cleaved to produce the . transcription-PCR of polyA+RNA isolated from the HE L 
hgand. A coexpressed region in some cases -results from , cel]s U£mg the oii cleotides 5 '-ACA TGCATGC OAC- 
alternative splicing of RNA of the hgand gene. Such a ^ CATGCAG- CGGGGCGCCG CGCTGTGCCT GCGACT- 
co-expressed region may be a function of the particular \ GTGG CTCTGCCTGG GACTCCTGGA-3' (SEQ ID NO* - 
expression ^system used to obtain the Ugand. The skilled 2) (foryard pnmer , S phl site uoderiined, the translation^ 
artisan understands that m recombinant production of start codoo marked in bold follows an optimized Kozak 
proteins, additional sequence i may ; be expressed along with . C0Qseasus sequence K ozak T NucL Acids Res. 15' 
a Junctional peptide depending : upon the particular recom- JQ 8L 25-814S, 1987) and y-ACA TGCATGC CGCGCCGGT 
bmant construct used to express the protein, and subse-. ' rATrr-uvccn m t\ / ~- o L r ■'' 

, , ■ , - , . . ./ ... r LA1LL-3 (SEQ ID NO: 3) (reverse -pnmer, -Sphl site 

quentlv removed to obtain he desired Leand. in some cases ...j.j- c. ~e t u~ cn c r . *l i - 

~I j , ,- underlined) to the 5 end or the S2.5 fragment, thus -replacing 

the recombinant hgand can be made lacking certain residues c; n ur „, e t u o-i c ■ tu-' - 

c . < , s ...... - , & . . . . ■ -■ unique 6phl tragment ot the S2.5 plasmid. The. resulting 

or the endogenous/natura hgand. Moreover, it is we 1- ,^^ r „ r n,^;„„ ( ^ c n: j A r ji--, ™ 
. ■■ , ■ ■ ■ , , ■ vector was digested with EcoRI and Clal and heated to a 138 

known in that conservative replacements may be made in a ■ l„ ppn f r „, Tm «„, ^jt.j r ,u n z i u r m r 

. , , ^, _ . J r > .35 op ^LK txagment amphned trom the O.o kb EcoRI tracrment 

.protein ; which : do not alter the function of the protein. (base pairs 37S9 t0 m the Genbank X68203.sequence) 
Accordingly it is anticipated that such alterations are within _ which - encodes the 3. end of Rl4s shown m ^ r Q [ . 
the scope of the claims. It js intended that the precursor p ^ ola ^ Cancer Res. 52:5738-5743, 1992, using the 
sequence shown in SEQ ID MO: 33 ts capable ot stunulating oligonucleotides 5'-CG G AATTC CC CATGACCCCAAC-3*. 
the FU4 Ugand without any further processing in a manner ^ (SEQ [D NQ: 4) (forward , site undeduied) and 5 .. cc 

similar to that in which VEGF stimulates its receptor mas ATCGAT GG ATCCTACCTG AAGCCGCHT CTT-3' 
unprocessed torm. (SEQ [D NQ . 5) (revef t SCi QaI sile underiined) . ^ coding 

■-_The.tollow.ing Examples illustrate preferred embodiments domain was completed by ligation of the 1.2 kb EcoRI 
of the invention, wherein the isolation, characterization, and fragment (base pairs 2535-3789 of sequence X68203) into 
function of FU4 ligands according to the invention is shown. 45 . the above construct. The complete cDNA was subcioned as 
YAMPf _ -a HindMl-Clal(blunted) fragment (this Clal site was also 

■hXAMPLbl. included in' the 3* pnmer used to construct the 3' end of the 

Production of P LTRFU41 Expression Vector ' coding sequence) ^to the pLTRpoly expression vector 

reported in Make la et aL, Gene, 118: 293-294 (1992) 
Construction of the LTR-FU41 vector is schematically 50" (Genbank accession number X60280), incorporated by ref- 
shown in FIGS. 2A and 2B. The full-length Flt4s cDNA erence herein, using its Hindlll-Acc l(blunted) restriction 
(Genbank Accession No. X68203) was assembled by first sites. 

subclomng the S2.5 fragment, reported in Pajusola et al. t 1 Th e long form of nt4 wa5 prodliced by replacing the 
Cancer Res. 52:^738-5743 (1992), incorporated by refer- ^'-end of the short form as foUows: The 3' region of the FIt4l 
ence herein, containing base pairs 56-2^34 of the Flt4s into 55 cDNA was PCR-amplified using a gene specific and a' 
the EcoRI site of the pSP73 vector (Promega, Madison, pGEM 3Z vector specific (SP6 promoter) oligonucleotide - 
WiS -)- ' 5 , -ATTTAGGTGACACTArA-3 , (SEQIDNO:6)asreverse 

Since cDNA- libraries used for screening of FU4 cDNAs - " ■ and forward primers, respectively, and an FU4I cDMA clone 
-did not contain us most 5' protein-coding sequences, inverse containing a 495 bp EcoRI fragment extending downstream 
PCR was used for the amplification of the 5' end of Flt4 60 of the EcoRI sue at nucleotide 3789 of the Genbank X 68 203 
corresponding to the first 12 amino acid residues sequence (the sequence downstream of this EcoRI site is 
(MQRGAALCLRLW). PolyA+RNA was isolated from the ' deposited as the FIt4 long form 3' sequence having Genbank 
HEL ceils and double-stranded cDNAcopy was synthesized accession number S 66407). The gene specific oligonucle- 
using the Amcrsham cDNA Synthesis System Plus kit and a , otide contained a BamHI restriction site located right after 
gene specific primer: 5 , -TGTCCTCGCTGTCCTTGTCT-3 , 65 the end of the coding region. The sequence of that (reverse ' 
(SEQ ID NO: L), which was located 195 bp' downstream of pnmer) oligonucleotide was 5 ' - C C AT C G AT 
the 5' end of clone S2.5. Double stranded cDNA was treated G G ATC C C G ATG CTG CXI^A GTA nrTG T~ V (SEQ- ID NO: 
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7) (BaraHI site is underlined). Tae PCR product was ID NO: 9, Sail sue anderlined) and primer 1315 5'-CGC 

digested with EcoRI and. BamHI and transferred in frame to G G ATCC CTAGTG ATG GTG ATG GTG ATGTCTA PPTT r 

LTRFU4s vector fragment from which the coding sequences GATCATG CTGCCCTTAT CCTC-3' (SEQ ID NO: 10, 

downstream of the EcoRI site at base pair 2535 (see BamHI site underlined). The sequence complementary to 

sequence X68203) had been removed by EcoRI-BamHI 5- that of primer 1315 continues after the Flt4 reading frame 

digestion. Again, the coding domain was completed by and encodes 6 histidine residues for bindiag to a Ni-NTA 

. ligation of the 1.2 kb EcoRI fragment (base pairs 2535-3789 column (Qiagen, Hiiden, Germany) followed by a stop 

of sequence X68203) back into the" resulting construct. codon, and an added Bam HI site. The amplified fragment 

was digested with Sail and BamHI and used to replace a 

EXAMPLE 2 10 unique Sall-BamHI fragment in the LTRFU4 vector shown 

n , . 7 ' ■ . . - „ „, t e a r> in FIG - 3 " ^ Sall-BamHI fragment that was replaced 

Production and Analysis of Flt4l Transfected Cells eacodes the - Rl4 traQsmembraQe and cytoplasmic do " m ^ 

NIH3T3 cells (60% confluent) were cotransfected with 5 The 5' end without the FU4- signal sequence encoding 

/ig of the pLTRFlt4l construct and 0.25 ,«g of the pSV2neo region was amplified -by PCR using the primer 1335 5'-CCC 
vector (ATCC) containing the neomycin phosphotransferase 15 AAG CTTG G ATCC AA GTG GCTACTCCATG A CC-V 
gene, using the DOTAP liposome-based transfection (SEQ ID NO: 11) '(the primer contains added Hindlll 
reagents (Boehringer Mannheim, Mannheim, Germany). (AAGCTT) and BamHI (GGATCC) restriction sites, which 
One day after the transfection the cells were transferred into a ^ e underlined) and primer 1332 

selection media containing 0.5 mg/ml -genetiein (GIBCO, S'-GTTGCCTGTGATGTGCACCAO' (SEQ ID NO: 12). 

Grand Island, N.Y.). Colonies of geneticin-resistant cells 20 The amplified fragment was digested with Hindilll and Sp hi 

were isolated and analysed for expression of the Flt4 pro- (the Hindlll site (AAGCTT) is underlined in primer' 1335 

teins. Cells were lysed in boiling lysis buffer containing and the SphI site is within the amplified region of the Flt4l 

3.3% SDS (sodium dodecyl sulphate), 125 mM Tris, pH 6.8. cDNA). The resulting Hindlll-Sphi fragment was used to 

Protein concentrations of the samples were measured by the replace a Hindlll-SphI fragment in the modified LTRFU41 

BCAmethod (Pierce, Rockford, 111.). About 50 wg proteia of 25 vector described immediately above (the Hindlll site is in 

each lysate was analysed for the presence of FU4 by 6% the 5' junction of the Flt4 insert with the pLTRpoly portion 

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and of. the vector, the SphI" site is in FU4 cDNA). The resulting 

immunoblotting using antisera against the carboxylterminus FU4EC insert was then ligated as a BamHI fragment into the 

of Flt4 and the ECL method (Amersham). BamHI site in the pVTBac plasmid as disclosed in Tessier 

For production of anti-Flt4 antiserum the FU4 cDNA *° et ai ' G(dne 98: 177 ~ 183 (1 99 Incorporated by reference . 

fragment encoding the 40 ; carboxy terminal amino acid cesi- herein. The orientation was confirmed to. be correct by 

dues of the short form: NH2-PMTPTTYKG SVDN- Partial sequencing so that the open reading frame of the 

QTDSGM VLASEEFEQI ESRHRQESGFR-COOH (SEQ .signai sequence'-encodrng portion of the vector continued in 

ID NO: 8) was cloned as a "6.57 bp EcoRI-fragraerit into the frame with the FU4 sequence. That construct was transfected 

pGEX-HT bacterial expression vector (Pharmacia) in frame 3 " t0 S ether wlLh tne baculo virus genomic DNA into SF-9 cells 

with the glutathione-S-transferase coding region. The result- by ll P o£ectl °n- Recombinant virus was . purified, amplified 

ing GST-FU4S fusion protein was produced in E. coli and and used for mfect ioQ of High-Five cells (Invitrogen, San 

-purified by affinity chromatography using a glutathione- Die g°> Calif.) using methods standard in the art. The FU4 

Sepharose 4B column. The purified protein was lyophilized, extracellular domain was purified from the culture medium 

dissolved in phosphate buffered saline (PBS), mixed with *° ot the LXlfecled High-Five' cells using Ni-NTA aEBnity chro- 

Freund-s adjuvant" and used for immunization of rabbits at' mal0 S ra phy according to manufacturer's instructions 

biweekly intervals using methods standard in the art; (Qiagen) for binding and elution of the 6xHis Lag encoded in 

_(Harlow and Lane, Antibodies, A Laboratory Manual, Cold the COOH-terminus of the recombinant Flt4 extracellular 

Spring Harbor Laboratory Press, 1988). Antisera were used ^ domain. 

after the fourth booster immunization for immuuoprecipiLa- EXAMPLE 4 

tion of FU4 from the transfected cells and clones expressing 1 

FU4 were used for ligand stimulation analysis. Isolation of FU4 Ligand from Conditioned Media 

EXAMPLE 3 ^ — l ^ ligand according to the invention was isolated 

50 from conditioned media from PC-3 prostatic adenocarci- 
Construction of a Rt4 EC Baculovirus Vector and noma cell line CRL1435 from the. American Type Culture 

Expression and Purification of its Product Collection and cultured as instructed by the supplier in 

Ham's F-12 Nutnent mixture (GIBCO) containing 7% fetal 
The construction of an Flt4 extracellular domain (EC) cai f ^mm. In order to prepare the conditioned media,- 
baculoviais vector is schematically shown m FIG. 3. The 55 confluent PC-3 cells were cultured for 7 days in Ham's F-12 
Fll4-cncoding cDNA has been prepared ui both a long form Nutrient mixture (GIBCO) in the absence of fetal bovine 
and a short torm, each being incorporated m a vector under. - scrum . Medium was then cleared by centnfugation at 10,000 ' 
control, ot the Moloney murine leukemia virus LTR pro- g for 20 mmutes. The medium was then screened to deter- 
moier. The nucleotide sequence of the short form ot the FU4 , mine ils ablllly l0 induce tyrosine phosphorylation of Flt4 by 
receptor is available on the Genbank database as Accession 60 exposure t0 NIH3T3 cells which had been transfected with 
No. X68203 and the specific 3' segment' of the long form FU4-encoding cDNA using the P LTRFlt41 vector. For recep- 
cDNA is available as Accession No. S66407. . tor cumulation experiments, subconfluent NIH3T3 cells- 

The ends ot a cDNA segment encoding FU4 extracellular ' were starved overnight in serum-free DMEM medium 
domain (EC) were modified as follows: The 3* end of FU4 - (GIBCO) containing 0.2% BSA. The cells were stimulated 
cDNA sequence (Genbank Accession Number X68203) 65 with the conditioned media for 5 minutes, washed twice with 
which encodes the extracellular domain was amplified usin^- cold PBS containing 100 uM vanadate and Ivsed in RIP* 1 . 
primer 1116 5^CTGGAmi2iACTTGGCGG ACT-3' (SEQ butter (10 mM Tris pH 7.5, 50 mM NaCl, 0.5%. sodium ' 
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deoxvcholate 0.5% Noaidet P40 (BDH, Poole, England), ' Two harvests of serum-free coadiiioccd medium, com- 

0 1% SDS 0 i U/ml Aprotinm (Boehrmger Mannheim); 100 prising a total ot 8 L were collected trora d00 confluent Is 

u'm' vanadate) tor receptor immunoprecipitation analysis. cm diameter culture dishes containing confluent layers of 

The Ivsates were centnfuged for 20 minutes at 15,000xg. pC-3 cells. The conditioned medium was clarified by cen- 

The supernaiants were incubated tor 2 hours on ice with 3 . trifugation at 10,000xg and concentrated 80-fold using an 

ul ot" the- antiserum against the FU4 C-terminus described in Ultrasette Tangential Flow Device (Filtron, Northborough, 

Example 2 and also in Pajuso'la, et al. Oncogene 8: Mass.) with a 10 kD cutoff Omega Ultraiiltration membrane 

^931-2937, (1993), incorporated by reference herein. according to the manufacturer's instruction. Recombinant 

After a 2 hour incubation in the presence of anti-FU4 FU4 -extracellular domain was expressed in a. recombinant - 

antiserum, protein A-Sepharose (Pharmacia), was added and ^ baculovirus cell system and purified by affinity chromatog- 

incubation was continued for 45 minutes with rotation. The raphy on Ni-agarose (Ni-NTA a£5nity column obtained' from 

. immunoprecipitates were washed three times with the Qiagen). The purified exracellular domain was coupled to 

immunoprecipitation buffer and twice, with 10 mM Tris, CNBr-activated Sepharose CL-4B at a- concentration of 5 

pH7.5 before analysis in SDS-PAGE. Polypeptides were mg / m \ an d used as an affinity matrix for ligand affinity 

transferred to nitrocellulose and analyzed by Western blot- chromatography. 

ting using F1L4- or phosphotyrosme -specific antisera and the 15 ConceQtrated C0Qd iti G ned medium was incubated with 2 

ECL method (Amersham International, Buckmghamshire, ^ ^ ^ recombinaQt FU4 extracellu i ar domain-Sepharose 

England), Anti-phosphotyrosine ^monoclonal antibodies ^ ^ ^ tufe for . 3 

(anti-PTyr; PY20) were purchased ^J"^^°^ hours ^1 subsequent purffication steps were at +4° C. The 

ratories (Lexington, Ky.). In , fl affinity matrix- thee i transferred to a column (Pharmacia) . 

restained with a ™oad™^ 20 with an inner diameter of 15 mm and washed successively 

with occasional agitation. buffer (pH 6.8). Bound material was e luted step-wise with 
As shown m FIG 4 the PC-3 cell conditioned -medium .■ 100 mM glycine -HCI, successive 6 ml elutious having pHs 

stimulated tyrosine phosphorylation of a 125 kD polypep- 25 of 4.0, 2.4, and 1.9. Several 2 ml fracuons^ 

tide when Flt4 expressing MIH3T3 cells were treated' with collected in tubes containing 0.5 ml 1 M Na-pbosphate (pH 

the indicated preparations of media, lysed, and the lysates 8.0). Fractions were mixed immediately and dialysed m 1 

were immunoprecipitated with anti-FU4 antiserum followed mM Tris- HCI (pH 7.5).. Aliquots of 75 ul each were analyzed . 

by SDS-PAGE, Western blotting, and staining- using anti- for their ability to stimulate tyrosine phosphorylation of 

PTyr antibodies. The resulting band was weakly phospho- ^ p^. The ultrariltrate," 100 ul aliquots of the concentrated 

. rylated upon stimulation with unconcentrated PC-3 condi- conditioned medium - before and after ligand affinity 

tioned medium; (lane 2). The 125 kD band comigrated with chromatography, as well as 15-fold concentrated fractions of 

the tyrosine phosphoryiated, processed form of the mature material released from the Flt4 extracellular domain- 

FU4 from pervanadate-treated cells (compare lanes 2 and 7 . ■ s e p narose matrix during the washings were also analyzed - 

of FIG. 4, see also FIG. 5A). Comigration was .confirmed for their abiUty {Q stimulate Flt4 tyrosine phosphorylation, 

upon restating with ahti-FU4 antibodies as is also shown in ^^oWn in FIGS. 6A and 6B, lane 3, the concentrated ' 

FIG. 5 A (panel on the right). In order to show that the : 12. doni j itioned mcdium mduced promineat tyrosine phospho- 

-kD polypeptide is not a <! on - s P?^ rylation of FU4 m transfected NTH3T3 cells overexpressmg 

conditioned medium Flt4. This activity was not observed in conditioned medium 

antibodies, 1. ul of conditioned medium was separated oy j c^nhnm^ 

SDS-PAGE, blotted on nitrocellulose, and the blot was 40 taken alter medium was. exposed to the Flt4 Sepharose 

stained with anti-FTyr antibodies. No signal was obtained affinity matrix described above -(lane 4). The specifically- 

(FIG SB) Also unconditioned medium failed to stimulate bound FU4-samulating material was retained on the affinity 

FU4 phosphorylation, as shown m FIG. 4, lane 1. matrix upon, washes in PBS, 10 mM Na-phosphate -buffer 

As shown in FIG 4, lane 3, stimulating activity was (pH 6.S), and at pH 4.0 (lanes 5-7, respectively), and it was 

considerably increased when the PC-3 conditioned medium 45 fluted in the first two 2 ml aliquots at pH 2.4 (lanes 8 and 

was concentrated, four-fold using a Centricon-10 concentra- 9). A further decrease. of the pH of the elation buffer did not 

tor (Amicon). FIG. 4, lane 4, shows that pretreatment of the cause release of additional Fli4-stimulating material (lane 

concentrated PC-j conditioned medium with 50 ul of the n). 

FU4 extracellular domain coupled to CNBr-activated Small aliquots of the chromatographic fractions were 

sepharose CL-4B (Pharmacia; about 1 mg of FU4 EC 5Q concentrate d in a SpeedVac concentrator (Savant, 

domain/ml sepharose resin) completely abolished FU4 Farmingdale, N.Y.) and subjected to- SDS-PAGE under 

tyrosine phosphorylation. Similar pretreatment of the con- educing conditions with subsequent silver staining of the 

ditioned medium with unsubstituted sepharose CL-4B did ( ^ snQwn lQ p 1G 7> lhe ma j or polypeptide, having a 
not affect stimulatory activity, as shown in FIG.. 4, lane y. molccular weig ht of approximately 23 kD (reducing 

Also, the How through obtained aher concentration, which conditions) was delected in lhe fracuons containing FU4 

contained proteins of less than 10,000 molecular weight did - ^ a (corresponding to lanes 3 and 9 in FIG. 

not stimulate Flt4 phosphorylation, as shown in FIG. 4, lane ^ ^ ^ * Q{ fo J d m ^ Qlher chromaLo . 

6 - , , nr ,- - ■ , ,■ araphic fractions. On the other hand, all other components 

Tl,c toregomgdata 5 how that PC- ^^ P™ d - e a ^ nd i te P cted in , he tw0 aclive Craclions were also distributed id. 
wtuchtnnds to the extracellular doau.n ot FU4 and acuvat* ^ ^ ^ ^ ^ - m lhe 0(he , 

this receptor. washing and elution steps after their concentration. Similar 

EXAMPLE 5 . result's were obtained in three independent affinity 

Purification of the Flt4 Ligand purifications, indicating that the 23 kD polypeptide specuv 

— ■ r . - . . ,nrirpik « rhinriPri7pd"in . cally binds to Fit 4 and induces its tyrosine phosphorylation. 

The ligand expressed by 'PC-3 cells as characterized in . j ■ , J r r 

Example 3 was purified and isolated using a recombinant by 65 . factions containing the 23 kD .polypeptide were 
produced Flt4 extracellular domain in affinity chromaiogra- combined, dried in a SpeedVac concentrator and subjected 
p hy to SDS-PAGE m a 12.5% gel. The proteins from the gel 
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were then electrob lotted to Immobilon-P (PVDF) transfer 
membrane (Millipore, Malborough, Mass.) and visualized 
by staining of the blot with Coomassie blue R-250. The^ 
region containing only the stained 23 kD band was cut from 
the blot aad was subjected to N-terminal amino acid 
sequence analysis in a Prosite Protein Sequencing System 
(Applied Biosystems, Foster City, Calif.). The data were 
analyzed using a 610A Data Analysis System (Applied 
Biosystems). Analysis revealed a single N-terminal 
sequence of NH.-KEETIKFAAAHYNTEILK-COOH (SEQ 
ID NO: 13). 

EXAMPLE 6 

Construction of PC-3 Cell cDNA Library in a 15 
Eukaryotie Expression Vector 

..PoLy-A+RNA was. isolated from five '15- .cm diameter 
confluent dishes of PC-3 cells by a single step method using , 
oligo(dT) (Type III, Collaborative Research) cellulose affin- 
ity chromatography. (Sambrook et al.. Molecular Cloning, A 
Laboratory Manual; Cold- Spring Harbor Laboratory Press, 
1989). The yield was 70 ,«g. Six ug of the poly- A+RNA was 
used to prepare an oligo(dT)-primed cDNA library in. the 
mammalian expression vector pcDNAI and the Librarian kit 
of Invurogen according to the instructions included in the 
kit. The library was estimated to contain about 10 6 inde- 
pendent recombinants with an average insert size of approxi- 
mately 1.8 kb.~ 

' ■ 30. 



EXAMPLE 7. 

Amplification of the Unique Nucleotide Sequence 

Encoding the- FU4 Ligand • . 

Degenerate oligonucleotides were designed based on the ^ 
N-lerminal amino acid sequence of the isolated FU4 -ligand.' 
and were used as primers in a polymerase chain reaction 
(PCR) to amplify cDNA encoding the Flt4 ligand from a 
PC-3 cell library. 

The PCR was earned out using l./zg of DNA from the 4 q 
amplified PC-3 cDNA library and a mixture of sense-strand 
primers comprising 5'-GCAGARGARACNATHAA-3' 
(SEQ ID NO: 14) (wherein-R is A or G ( N is A,G,C or T and 
H is A, C or T), encoding amino acid residues 2-6 (EETIK, 
SEQ ID NO: 15) and antisense-strand primers 45 
5'-GCAYTTNARDATYTCNGT-3' (SEQ ID NO: 16) 
(wherein Y is C or T and D is A, G or T), corresponding to 
amino acid residues 14- 18 (TE1LK, SEQ ID NO: 17). Three 
extra nucleotides (GCA) were added to the 5'-termmus of 
each primer to increase annealing stability. Two successive 50 
PCR runs were carried out using 1 U per reaction of 
DynaZyme, a thermostable DNA polymerase (F-500L, 
Finnzymes), in a buffer supplied by the manufacturer (10 
mM Tns-HCl, P H 8.8 at 25° C,T.5 mM MgCL,: 50 mM 
K.C1,0.1% Triton-XlOO) at an extension temperature of 72° ' 55 
C. The first PCR run was earned out for 43 cycles. The first 
three cycles were run at annealing temperature 33° C. for 2 
minutes and the remaining cycles were run at 42° C. for 1 
minute. 

The region of the gel containing a . weak band -,of the 60 
expected size (57 bp) was cut out from the gel and eluted- 
The eiutcd material was reamptiiied for 30 cycles using the 
same primer pairs described above at 42° C. for 1 minute. 
The amplified fragment was cloned into a pCR IT .vector 
(Invitrogen) using the TA cloning kit (Invitrogen) and 65 
bequenced using the radioactive dideoxy nucleotide sequenc- 
ing method of Sanger. Six" clones were analysed and all 



contained the sequeace encoding the expected peptide 
(amino acids 2-18 of the FU4 ligand precursor). Nucleotide 
sequence spanning the region from the third nucleotide of 
codon 6 to the third nucleotide of codon 13 (the extension 
5 region) was identical ia all six clones: 
S'-ATTCGCTGCAGCACACTACAACO 1 (SEQ ID NO: 18) 
aad thus was considered to represent an amplified product 
from the unique sequeace encoding part of the amino 
terminus of the FU4 ligand. 

10 EXAMPLE 8 

Amplification of the 5'-end of the cDNA Encoding 
the Flt4 Ligand 

15 Based oa the unique nucleotide sequence encoding the 
N-terminus of the isolated FU4 ligand, two pairs of aested. 
primers were designed to amplify in two subsequent PCR- 
reactions the complete 5'-end of the corresponding cDNAs 
from 1 fig of DNA from the above -described PC-3 cDNA 
library. First, amplification was performed with primer 
5-TCNGTGTTGTAGTGTGCTG-3 f (SEQ ID NO: 19), 
which is the antisense-strand primer corresponding to ammo 
acid residues 9-15 (AAtfYNTE, SEQ ID NO: 20) and 
sense -strand primer S'-TAATACGACTCACTATAGGGO' 
(SEQ ID NO: 21), corresponding to theT7 RN A promoter of 
the pcDNAI vector used for construction of the library. 
"Touchdown" PCR was used as disclosed in Doa, et al., 
NucL Acids Res,, 19: 4008 (1991), incorporated by reference 
herein. The annealing-temperature of the two first cycles was 
62° C. and subsequently the aanealing temperature was 
decreased in every other cycle by 1° C. until a final tem- 1 
perature of 53° C. was reached, at which temperature 16 
additional cycles were carried out. Annealing time as i 
minute and extension at each cycle was conducted at 72° C. 
for 1 minute. Multiple amplified DNA fragments were 
obtained in the first reaction. The products of the first 
.amplification (1 ul of a 1:100 dilution in water) were used. in 
the second amplification reaction employing the aested 
primers 5'-GTTGTAGTGTGCTGCAGCGAATTT-3' (SEQ 
ID NO: 22), aa antisense-strand primer corresponding to 
ammo acid residues 6—13 (KFAAAHYN, SEQ ID NO: 23). 
of the FU4 ligand and, 

5'-TCACTArAGGGAGACCCAAGC-3' (SEQ ID NO:,24), 
a sense : strand primer corresponding to nucleotides. 
2179-2199 of the pcDNAI vector. The sequences of these 
sense and antisense primers overlapped with the 3' ends of 
the. corresponding primers used in the first PCR. u Touch- 
down" PCR was carried out by decreasing the annealing 
temperature from 72 Q C. to 66° C. and continuing with 18 
additional cycles at 66° C. The annealing time was 1 minute 
and extension at each cycle was carried out at 72° C. for 2 
minutes. One major product of about 220 bp and three; minor . 
products of about 270 bp, 150 bp, and 100 bp were obtained. 

The amplified fragment of approximately 220 bp was cut 
out from the agarose gel, cloned into a pCRII vector using 
the TA cloning kit (Invurogen) and sequenced. Three recom- 
binant clones were analysed and they contained the 
sequeace 

, 5 ' -TC ACTATAG G G AG AC C C AAG CTTG GTACCG AG CT 
CGGATCCACTA. GTAACGGCCGCCAGTGTGGTG- 
G AATTC G ACG AACTC ATG ACTGTA 
CTCTACCCAGAXTATTGGAAAATGTACAAGTGTCAG 
CTAAGGCAA 

G G AG GCTG GC AAC ATAAC AG AG AAC AGG CC AACC 
TCAACTCAAG 

G AC AG AAG AG ACTATAAAATTCG CTG C AG C AC ACT 
A'CAAC-T (SEQ ID NO: 25): The,, beginning of the 
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sequence represents the pcDNAl vector and the underlined from the Library. Plasmid DNA was purified from these 

sequence represents the amplified prcduct of the 5'-ead of coloaies and analysed by EcoRI and Noll digestioa and 

the insert. The ATG codon located upstream of that sequence agarose gel electrophoresis followed by ethidium bromide 

in the same reading frame is followed by an open reading . staining. The ten plasmid clones were divided into three 

frame containing the amplified product of the putative signal 5 groups cm the basis of the presence of insert, sizes of 

sequence and the first 13 ammo acid residues of the secreted ■ approximately 1.7, 1.9 and 2.1 kb, respectively. Inserts of 

FU4 licand plasmids from each group were sequenced using the T7 ' 

oligonucleotide as a primer and walking primers for subse- 

EXAMPLE 9 quent sequencing reactions. 

10 Sequence analysis showed that all clones contain the open 

Amplification of the 3'-end of cDNA Encoding the reading frame encoding the NH2-termmal sequence of the. 

Flt4 Ligand Flt4 ligand. Furthermore, the 2.1 and 1.9 kb clones also 

contained sequences encoding the signal sequence. The 5' 
Based upon the amplified S'-sequence of the clones end of the 1.7 kb clone began within the signal sequence- 
encoding the Flt4 ligand, two pairs of aon-overiapping. eacoding portion. Dideoxy sequencing was continued using 
nested primers were designed to amplify the 3'-portion of the 15 walking primers in the downstream direction. An 1140 
clones. The sense -strand p rimer nucleotide portion of the sequence of the longest clone is. 
" S'-ACAGAGAACAGGCCAACCO' (SEQ ID NO: 26) and shown in FIGS. 9A through 9C (SEQ ID NOS: 32 and 33). 
antisense-strand primer S'-TCTAGCATTTAGGTGACAC- As can be seen in that figure, after the putative signal 
3' (SEQ ID NO: 27) corresponding- to nucleotides sequence the open reading frame terminates m a TAA stop 
73 U _?399 of the pcDNAl vector were used in a first 20 codon 317 amino acid residues further downstream from the. 
"touchdown" PGR. The annealing temperature: of the reac- signal sequence. When compared with, sequences in the. 
tion was decreased 1' C. every two cycles from 72« C. to 52* GeaBaak Database the predicted protein product ot this 
^ , . . - ir , , • "j reading frame was found to be homologous with the pre- 
C, at which temperature 15 additional cycles were carried ^ CQS Q ^ pQGF/VEGF family of 
out. The annealing time was 1 ^minute and extension at each ^ rQWlh ^ ^ s ^ wq m p]GS 1QA aQd m . 
cycle was carried out at 72 C. for 3 minutes. DNA frag- p 

ments of several sizes were obtained in the first amplifica-. EXAMPLE 11 

tion. Those products were diluted 1:200 in water and ream- Stimulation of Flt4 Autophosphorylation by the . 

plified in PGR using, the second pair of primers: Protein Product of the Flt4 Ligand Vector 

5'-AAGAGACTATAAAATTCGCTGCAOC,3' (SEQ- ID ' Xhe 7 1 kb insert of the FU4-L clone in pcDNAl' vector ■ 

NO: 28). and S^CCCTCTXG ATGCATGCTCG A-3' (SEQ ID » co ^mg leTpen r^g f ^ 

NO: 29) (antisense-strand' primer corresponding to nucle- ' showQ ia nGS 9A through 9G (SEQ ID NO: 32) was cut 

otides 2279-2298 of the pcDNAl vector). Two DNA frag- / Qut f rom lh e vector using Hindlll. and NotI restriction 

ments were obtained, having sizes of 1350 bp and 570 bp. enzymes, isolated from a preparative agarose gel and ligated 
Those fragments were cloned into a pCRII vector and the ; to me corresponding sites in the pREP7 expression vector 

inserts of the clones were sequenced. Both of these frag- - . . (Invitrogen). The pREP7 vector containing the above cloned 

ments were found to contain sequences encoding an amino insert was transfected into 293-EBNA cells (Invitrogen) 

acid sequence homologous to the VEGF sequence. using the calcium phosphate transfectioa method (Sambrook 

et al., Molecular Cloning, A Laboratory Manual; Cold 

EXAMPLE 10 Spring Harbor Laboratory Press, 1989). About 48 hours after 

*° transfection the medium of the transfected cells was changed 
Screening the PC-3 Cell cDNA Library using the 5' ._ tQ DM EM medium lacking fetal calf serum and incubated 

PCR Fragment of FU4 Ligand cDNA tor 36 h. The thus conditioned medium was then collected, 

A .- > ' . i* ,. , ,. , r^vr. centnfuged at 5000xe for 20 minutes, the supernatant was 

A ^, b l 5 tr T e " t 1 g / concentrated 5Told using Centnprep 10 (Armeon) stimulate 

amplified by PCR using the > ■ PCR trag-mem described 45 NIH3T3 ^ expressmg LTR FU41, as in Example 4. The 

above and ■ „ primers ; ce iis were lysed, immunoprecipitated using anti-Rt4 anli- 
^'-GTTGTAGIGTGCTGCAGCGAATTTO' (antisense- serum and analysed by Western blotling using anti- 
strand primer, SEQ I'D NO: 30) and - phosphotyrosine antibodies. 

S'-TCACTATAGGGAGACCCAAGCO' (SEQ ID NO: 31) ^ can be seen &Qm FIG ^ ^ { aQd 3> the C0Qdi _ 

(sense -primer corresponding to nucleotides 2179-2199 ot 5Q tlQQed medium from tWQ dlfferent dishes of the lrans f ect ed 

the pcDNAl vector). The amplified product was subjected to ^ SUmulated FU4 ^phosphorylation in comparison 

digestion with EcoRI (Boehnnger Mannheim) to remove the witfa tfae medium . fjom mock-traosfected cells, which gave 

pomon of the DNA sequence amplified from the pcDNAl Qniy background levels of phospQO rylati6n of the FU4 

vector and the resulting 153 bp fragment encoding the 5' end recepLOf (hQe 2) WheQ lhfi C0QceQlrated conditioned ~ 

of -the FU4 ligand was labeled with [ ^P]-dCTP using the 55 med[um was preabsorbed wuh 20 ^ of a s i ur of Flt4EC 

Klenow fragment of E. coh DNA polymerase I (Boehnnger dQmain coupled L0 Scpharose (see example 4), no phospho- 

Mannheim). That fragment was used as a probe for hybrid- was oblained (kme ^ showing [hal thc acllvity 

izauon screening of the amplified PC-3 cell cDNA Library. respoasible for p| t 4 autophosphorylation was indeed the 

Filter replicas of the library were hybridized wuh the FU4 ligand. Thus, these results demonstrate thai the FU4-L 

radioactively labeled probe at 42° C for 20 hours in a 6 0 plasmid vector clone having an approximately 2.1 kb insert, 

solution containing 50% formaraide, SxSSPE, 5xDenhardt's , aQC i containing the open reading frame shown in FIGS. 9A 

solution, 0.1% SDS and 0.1 mg/ml denatured salmon sperm through 9C is expressed into a Flt4 ligand in cells transfected 

DNA. Filters were washed twice in lxSSC, 0.1% SDS for wUn the FU4-L expression vector clone,, and thus is biologi- 

30 minutes at room temperature, then twice for 30 minutes cally active. The sequence encoded by that open reading • 

at 65° C. and exposed overnight. 65 t' rame is shown in SEQ ID NO: 33. Plasmid pFU4-L has 

. On the basis ot" autoradiography, 10 positive' recombinant been deposited with the American Type'Culture Collection, 

bacterial colonies hybridizing with the probe were chosen 12301 Parklawn Drive, Rockville, Md.^ 1 20852 asjiccession 
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number 97231. A 1997 base pair nucleotide sequence and On the other hand, the Fit 4 ligaad is characterized by 

the deduced amino acid sequence of the cDNA insert of this progressive 3' deletions in the 3' coding sequences of the 

deposited plasmid is set forth in SEQTD NOS: 34 and 35, Flt4 ligand precursor cione T resulting in carboxy-terrninal 

respectively. - 1 truncations of its protein product. The activities of such 

However the predicted molecular weight of the mature 5 truncated forms are asaysed by, .for example, studying Flt4 

protein product deduced from this reading frame is 35,724 - autophosphorylation induced by the truncated proteins when 

and the FU4- ligand from PC-3 cell cultures had an approxi- apphed to cultures of cells, such as NIH3T3 cells expressing 

mate molecular weight of 23 kD under reducing conditions. LTRFU4. By extrapolation from studies of the structure of 

It is thus possible that the FU4 mRNAmay be first translated ^e related platelet derived growth factor (PDGF,-reference 

into a. precursor from which the mature ligand is derived by ™ Heldin et aL, Growth Factors 8, 245-252, 1993) one deter- 

proteolytic cleavage. The difference in the observed molecu- mines that the region critical for receptor activation by the: 

lar weight of the isolated Flt4 ligand and the deduced . FU4 ligand is contained within its first approximately 130 

molecular weight of the disclosed open reading frame of the ' amino acid residues. r - . 

Flt4 ligand sequence may then derive from sequences in the On the other hand, the difference between the molecular 

carboxyl terminal region of the latter. Also, the FU4 ligand ^ weights of. the purified ligand and the open reading frame of 

may be glycosylated at two putative N'-linked glycosylation the FU4 precursor clone may be due to the fact that the 

sites conforming to the consensus which can be identified in soluble ligand was produced from an alternatively spliced 

the deduced FU4 ligand amino acid sequence (N-residues mRNA which would also be present in the PC-3 cells, from 

underlined in FIG 10A) " which the isolated ligand was derived. To isolate such 

The carboxyl terminal amino add sequences, which -° alternative cDNA clones one uses cDNA fragments of the 

increase the predicted molecular weight of the FU4 ligand ' deposited clone and PCR primers made according to the 

subumt in comparison with other Lgands of this family-show ■ sequence provided as well as techniques standard m the art 

a pattern of spacing of cysteine residues reminiscent of the '° -f^te or amplify alternative cDNAs from the PC-3 cell 

Balbiani ring protein 3 (BRP3) sequence (Dignam and Case, „ cDN f Ubrary. 0«« may al«, amphfy using reverse tran- 

Gene S3 133-140 1990) Such a sequence may encode an 25 scnption (RT)-PCR directly from the PC-3 mRNAusing.lhe 

independently folded domain present in a Flt4 ligand pre- primers provided in the sequence of the FU4-L clone, 

cursor and it may be involvedjor example, in the regulation . Alternative cDNAs can be sequenced from the resulting 

of secretion, solubility, stability, cell surface localization or cD.NA clones. One can also isolate genomic clones corre- 

activitv of the FU4'lig;nd. Interestingly, at least-one cysteine ■ ^ponding to the FH4-L transcript from a human genomic 

motif of the BRP3 type is also found in the VEGF carboxy 30 DNA library using methods standard in the- art and to, 

, ., - sequence such clones or their subcloned fragments to reveal 

terminal amino acid sequences. ^ .. . ° ■ , ■ 

' , „ - , . ■ the corresponding exons. Alternative exons can then be 

. llius,: the FU4 mRNA may be first translated into a ; . £ ^ ^ [n ^ ^ ^ 

precursor from the mRNA corresponding to the FU4-L - as heteroduplex analysis of cDNA and geaomic DNA and 

clone, from which the mature ligand ls derived by pro- 35 ■ ^ ^ be cbaracten , ed 

teolytic cleavage. To define the mature FU4 ligand product. J . ■ n J 

one first expresses the cDNAclone, which is deposited in the EXAMPLE 12 

pcDNAl expression vector, in cells,. such as COS cells and . " • . 

, t • . rTt . r ' ^a^a „^„r,vi ar - Expressionot the FU4-L Gene 

use antibodies generated against Flt4-L-encoded peptides, ^ 

such as amino terminal 23 ammo acid peptide or bacterial Expression of transcripts corresponding to the Flt4 ligand 
FH4 fusion proteins, such as a GST-fusion protein, to raise was analysed by hybridization of Northern blots containing 
antibodies against the VEGF-homologous domain of FU4 isolated poly A-kRN A from HT- 1080 and PC-3 human tumor 
ligand. One then follows the biosynthesis and processing of cell lines, The probe was the radioactive ly labelled insert of 
the Flt4 ligand in the transfected ceils by pulse -chase the 2.1 kb cDNAclone (specific activity 10 8 -10 9 cpm/mg of 
analysis using radioactive cysteine for labelling of- the cells, 45 DNA): The blot was hybridized overnight at 42° C. or using 
immunoprccipitation and gel electrophoresis. Using anti- 50% formamide, 5xSSPE buffer, 2% SDS, lOxDenhardts 
bodies against the two domains of the product of the, FU4-L solution, 100 mg/ml salmon sperm DNA and 1x10° cpm of 
clone material for radioactive or nonradioactive aminoter- the labelled probe/ml. The blot was washed at room te ra- 
mi nal sequence analysis is isolated. The determination of the perature for 2x30 minutes in 2xSSC containing 0.05% SDS 
NH2-terminal sequence of the carboxyl terminal fragment 5Q and then for.2x20 min at 52° C. in O.lxSSC containing 0.1% 
allows for identification of the proteolytic processing site. ~ SDS. The blot was. then exposed at -70° C. for three days 
This is confirmed by site-directed mutagenesis of the amino using intensifying screens and Kodak XAR film. Both cell 
acid residues adjacent to the cleavage site, which would lines expressed an FU4 ligand mRNA of about 2.3 kb, as 
prevent the cleavage. ' well as VEGF and VEGF-B mRNA:s (FIG. 12). 



. SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(lii) NUMBER QF SEQUENCES: 3 5 

(2) INFORMATION FOR SEQ ID NO: 1: 

' C) SEQUENCE CHARACTERISTICS : 
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(A) LENGTH: 20 baae pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) . TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: Y: 
TGTCCTCGCT GTCCTTGTCT 



(2)- -INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS:' 
(A) LENGTH: 70 base pairs 
(3 ) TYPE: nucleic acid . 

(C) . STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2z- 
ACATGCATGC CACCATGCAG CGGGGCGCCG CGCTGTGCCT GCGACTGTGG CTCTGCCTGG. 
GACTCCTGGA ■ - 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24- base pairs ■ . 
(3) TYPE: nucleic acid • 
■(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic} 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

ACATGCATGC CCCGCCGGTC ATCC : 

(2)" INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pair3 
{ B ) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) i TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA (genomic). 
( xi ) , SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
CGGAATTCCC CATGACCCCA AC 

(2) INFORMATION FOR SEQ ID NO : 5:. 

(i) SEQUENCE CHARACTERISTICS : - 

(A) LENGTH: 13 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
' (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CCATCGATGG ATCCTACCTG AAGCCGCTTT CTT 



t "(2> INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) _ LENGTH : 17 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS:- single 

(D) TOPOLOGY: Linear 

-. (ii.) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:' 6: 
ATTTAGGTGA C AC TATA 17 



(2) INFORMATION FOR SEQ ID NO: 7 : ■ 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH:.' 3 4 base pairs 
(3) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

( ii ) MOLECULE TYPE; DNA (genomic ) 
' {xi). SEQUENCE DESCRIPTION: SEQ ID NO: 7: ■ 
CCATCGATGG' ATCCCGATGC TGCTTAGTAG' CTGT 3 4 



(2) INFORMATION FOR SEQ ID NO: 9: 

. (i) SEQUENCE CHARACTERISTICS: 

(A) . LENGTH: 40 amino acids • 

(B ) TYPE: amino acid 

(C) 'STRANDEDNESS: sing la ' 
V- (D ) TOPOLOGY: linear 

( ii ) . MOLECULE TYPE: protein . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:" 3: 

- Pro' Met Thr Pro Thr Thr Tyr Lys' Gly Ser Val Asp Asn Gin Thr As 

i 5 ' ; 10 IS 

Ser- Gly Met Val Leu Ala Ser Glu Glu Phe Glu Gin lie Glu Ser Ar 
20 , 25 30 



His Axg Gin Glu Ser Gly Phe Arg 
35 40 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i.) SEQUENCE CHARACTERISTICS: 
■■ . - (A ) - LENGTH : 2 1 base pairs 
(3) TYPE: nucleic acid 
- (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

' (ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION : SEQ - ID NO : 9 ; ' 

CTGGAGTCGA CTTGGCGGAC T ' 21 



(2) INFORMATION FOR SEQ. ID NO : 10: . 

(i) SEQUENCE CHARACTERISTICS : ' 
(A) LENGTH:- 6 0- base pairs 
■(B) TYPE : nucleic acid 

(C) STRANDEDNESS: Single ■ ■ ^ ; 

(D) TOPOLOGY: linear - ■ 

(ii) MOLECULE TYPE: DNA (genomic) . ■■ - ' ' 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CGCGGATCCC TAGTGATGGT GATGGTGATG TCTACCTTCG ATCATGCTGC CCTTATCCTC . 6Q 



(2) INFORMATION FOR SEQ ID NO; 11: 
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(I) SEQUENCE CHARACTERISTICS: •* 

(A) LENGTH: 3-4 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
( D } TOPOLOGY: linear. 

(ii) MOLECULE TYPE: DNA (genomic) . " 

(xi) SEQUENCE DESCRIPTION: 'SEQ ID NO: 11: 

CCCAAGCTTG GATCCAAGTG GCTACTCCAT GACC 3 4 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) 'SEQUENCE CHARACTERISTICS : . 

(A) LENGTH: 20 base pair's 

(B) TYPE: nucleic acid" 

(C) STRANDEDNESS: single ' 
■ (D) TOPOLOGY: linear • 

(ii) MOLECULE TYPE: DNA ( genomic ) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

GTTGCCTGTG ATGTGCACCA .20 

(2) INFORMATION FOR SEQ ID. NO: 13: '.' 

: - (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 1 8 _ amino acids 
: ' r ■ - ' ( B ] TYPE: amino acid ' 

(C ) STRANDEDNESS : single 

(D ) TOPOLOGY: linear 

(ii) MOLECULE TYPE:, peptide 

(xi) SEQUENCE DESCRIPTION :' SEQ ID NO : 13: 

Xaa Glu Glu Thr lie Lys Phe Ala Ala Ala His Tyr Asn Thr Glu II - 

L .5 10 .15 

Leu Lys 

(2) INFORMATION FOR SEQ ID- NO: 14: — 

(i) SEQUENCE CHARACTERISTICS: •• 
(A) LENGTH: 17 base pairs 
(8). TYPE: nucleic acid 

(C) STRANDEDNESS; single 

( D ) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 
-■" (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 14: 
GC AG ARGARA CNATHAA < .17 

(-2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid. 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE . DESCRIPTION: SEQ ID NO: 15: 
Glu Glu Thr He. Lys 

L 5 ■ , 



(2) INFORMATION FOR SEQ ID NO: 16: 
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J (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 18 base pairs " ' . 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) . 
(xi) SEQUENCE . DESCRIPTION : SEQ ID NO: 16: 
GCAYTTNARD ATYTCNG7 19 



(2) INFORMATION FOR SEQ ID- NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) . LENGTH: 5 amino acid* 

(B) TYPE: amino- acid 

(C) . STRANDEDNESS: single 

(D) TOPOLOGY: linear 

. , ( ii) MOLECULE TYPE: peptide 

Cxi.) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
Thr Giu He Leu.Lys 

I 5 . ' 



{ 2) INFORMATION FOR SEQ ID NO : 19: 

. : (-1) SEQUENCE CHARACTERISTICS: , ; 
(A) LENGTH: 22 base pairs 
. . (B) TYPE: nucleic acid .. ■ ' ' 

(C) STRANDEDNESS: single' 
■ '(D) TOPOLOGY :' linear 

' ( ii) MOLECULE' TYPE: DNA , ( genomic ) . . 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

ATTCGCTGCA GCACACTACA AC 22 



(2) INFORMATION FOR SEQ" ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

( B ) TYPE : ' nucleic acid 
.(C) STRANDEDNESS: single 

(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) - - 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: . , 

TCAGTCTTGT AGTGTGCTG ■ . _ - 19 



(2) INFORMATION' FOR SEQ ■ ID NO: 20: 

. ( i ) SEQUENCE CHARACTERISTICS: 

(A) ' LENGTH: 7 amino acids 

(B) TYPE : amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

'(ii) MOLECULE TYPE: peptide 
( xi } SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Ala Ala His Tyr Asn Thr Glu 

I 5 : 



(2) INFORMATION FOR SEQ ID NO: 21: 



(l) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 20 base pairs- 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE : DNA ( genomic) * ■• 
(xi) SEQUENCE DESCRIPTION: .SEQ ID HO : 21: 
TAATACGAQT CACTATAGGG . ' .20 

(2) INFORMATION- FOR SEQ ID NO: 22: . 

" (i) SZQUEHCZ characteristics; 

(A) LENGTH: 2 4 base pair a 
(B ) TYPE: nucleic . acid' 

(C) 5TRANDEDNE5S: single 

(D ) . TOPOLOGY: linear 

(ii) MOLECULE TYPE r DNA" (genomic) ' 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
GTTGTAGTCT GCTGCAGCGA ATTT 24 

(2) INFORMATION. FOR SEQ ID NO: 23 : 

■ (i) SEQUENCE CHARACTERISTICS ; 

' (A) LENGTH: 8 amino- acids 

(B) TYPE: amino acid 

'(C)*. STRANDEDNESS : single ' / 

'.' (D) TOPOLOGY: linear 

(ii). MOLECULE TYPE: peptide . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23:. . 

Lys Phe Ala Ala Ala His Tyr Asn 

1 S ' / 

(2) INFORMATION FOR SEQ ID NO: 2 4: . . • 

■ (i) SEQUENCE CHARACTERISTICS: - 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C ) STRANDEDNESS: single. , - 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : ' 2 4 : 
TCACTATAGG GAGACCCAAG C ' 2 1 

(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) . LENGTH: 219 base pairs ■ 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:, 25: . ' . , 

TCACTATAGG GAGACCCAAG CTTGGTACCG AGCTCGGATC CACTAGTAAC GGCCGCCAGT 60 
GTGGTGGAAT. ■ TCGACGAACT CATGACTGTA CTCTACCCAG AATATTGGAA AATGTACAA 120 
TGTCAGCTAA GGCAAGGAGG CTGGCAACAT AACAGAGAAC AGGCCAACCT CAACTCAAG 130 



ACAGAAGAGA CTATAAAATT CGCTGCAGCA CACTACAAC 



2L9 
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(2) INFORMATION FOR SEQ ID NQ: 26: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: L8 base' pairs 
'(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single- 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

L - . 

ACAGAGAACA GGCCAACC 



(2) INFORMATION FOR SEQ ID NO: .27: " 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 19 base pairs". 
{ B ) TYPE: nucleic acid 
[ (C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

' (ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

TCTAGCATTT AGGTGACAC 



(2) INFORMATION FOR SEQ ID NO:. 28: 

■ (i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
"(B)- TYPE: nucleic acid 
- (C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

■ : (ii) MOLECULE TYPE: DNA . ( genomic ) 

'"■ (xi)' SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

AAGAGACT AT AAAATTCGCT GCAGC . 



(2) INFORMATION FOR SEQ ID NO:' 29: 

(i) SEQUENCE CHARACTERISTICS: 
(A.) LENGTH : 20 base pairs 

(B) TYPE: nucleic acid - 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 
CCCTCTAGAT GCATGCTCGA . 



(2) INFORMATION FOR SEQ ID NO: 30: 

(J.) SEQUENCE CHARACTERISTICS: 

(A) - LENGTH: 24 base pairs 

( B ) TYPE: nucleic acid 
"(C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 'DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

' GTTGTAGTGT GCTGCAGCGA ATTT 



(2) INFORMATION FOR SEQ ID NO: 3L: 



(i), SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base' pairs 
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(3) TYPE:, nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE; DNA (genomic) , 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: "31: 
TCACTATAGG GAGACCCAAG C 21 

(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 114 0 base pair3 ■ ' 

(8) TYPE: nucleic acid <; 
(C) STRANDEDNESS: single. 
. -. (D) TOPOLOGY: linear ' 

(ii) MOLECULE TYPE: DNA ("genomic) 

(XX) FEATURE: ' , _ 

(A) NAME / KEY : CDS -'.,"'' . .' 

( B ) LOCATION: 3 7.. 1099 .- 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

GAGCAGTTAC GGTCTGTGTC CAGTGTAGAT GAACTC ATG ACT GTA CTC TAC CCA ' '5 4 

Met Thr Val Leu Tyc Pro 

1 . ' ■ * 5 

GAA TAT TGG AAA ATG TAC AAG TGT GAG CTA AGG AAA- GGA GGC TGG CAA ' 102 

Glu Tyr Trp Lys Met Tyc Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin 

10 / 15 ' 20 

CAT AAC AG A GAA CAG GCC AAC CTC AAC TCA AGG ACA GAA GAG ACT ATA \ ISO 
ifis Asn Arg Giu Gin .Ala Asn -Leu 'Asn Ser Arg Thr Glu Glu Thr Ile~ 
25 ■ ' ' 30 ■ 35 

AAA TTT GOT GCA GCA CAT TAT" AAT ACA GAG ATC TTG AAA AGT , ATT GAT 198 
Lys Phe Aid Ala Ala His Tyr Asn Thr Glu lie Leu Lys Ser." He Asp 
• 40 - ■ 45 50 

AAT GAG' TGG AGA AAG ACT ' CAA TGC ATG CCA CGG GAG GTG TGT ATA GAT 24 6 - 

Asn Glu Trp Arg Lys Thr Gin Cys Met Pra Arg Glu Val Cys He Asp 
55 60 55 70 • 

GTG GGG AAG GAG TTT GGA GTC GCG ACA AAC ACC TTC TTT AAA .CCT CCA 29 4 

Val Gly Lys Glu Phe Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro 
75 SO 85 

TGT GTG TCC GTC TAC AGA TGT GGG GGT TGC TGC AAT AGT GAG GGG CTG 3 4 2 

Cys Val Ser Val Tyr Arg Cys -Gly Gly Cys Cys Asn Ser Glu Gly Lau 
90 ' • 95 100 • 

CAG TGC ATG AAC ACC AGC ACG AGC TAC CTC, AGC AAG 1 ACG TTA TTT. GAA 39 0 

Gin Cys .Met Asn Thr Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu 

105 . HO ' 115 " ■ , 

ATT ACA GTG CCT CTC TCT CAA GGC. CCC AAA- CCA GTA 'ACA ATC AGT TTT ' 4 38 

He Thr- Val Pro Leu Ser Gin Gly Pro Lys Pro Val Thr He Ser Phe 
120 125 130 

' GCC AAT CAC ACT TCC TGC CGA TGC -ATG TCT AAA CTG GAT GTT TAC AGA - 4 86 

Ala Asn His Thr Ser Cys Arg .Cys Met Ser Lys. Leu Asp Val Tyr Arg 
.135,- 140 : 145 150 

CAA GTT CAT TCC ATT ATT AGA" CGT TCC CTG CCA GCA ACa' CTA CCA CAG 53 4 

Gin Val His, Ser He lie Arg Arg Ser Leu Pro Ala Thr Leu Pra Gin 
155 160 ■ 165 

TGT CAG GCA GCG AAC. AAG ACC TGC CCC ACC AAT TAC ATG TGG AAT AAT 58 2' 

Cys Gin. Ala. Ala Asn. Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn 
170 175 ISO 



CAC ATC TGC AGA TGC ,CTG GCT CAG GAA GAT TTT ATG TTT TCC TCG GAT 
His lie Cys Arg Cys Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp 

185 190 ' .195 



630 
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GCT GGA GAT GAC TCA ACA GAT GGA TTC CAT GAC ATC TGT GGA CCA AAC 67 3 

Ala Gly Asp Asp Sec The Asp Gly Phe His Asp lie Cys Gly Pro Asn 

200 205 210. ; . . . 

AAG GAG GTG GAT GAA GAG ACC TGT CAG TGT GTC TGC AGA GCG GGG CTT 726 

Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys Val Cys Arg Ala Gly -Leu 

215 220 225 230 

CGG CCT GCC AGC TGT GGA CCC GAC AAA GAA CTA GAC AGA AAC TCA TGC 77 4' 

Arg. Pro Ala Ser- Gys Gly Pea His Lys Glu Leu Asp Arg Asn. Ser Cys 

235 , 240 . ' 245 

CAG TGT GTC TGT AAA AAC AAA CTC TTC CCC AGC CAA TGT GGG GCC AAC 322 

Gin Cys Val' Cys Lys Asn, Lys Leu Phe Pro Ser Gin Cys Gly Ala Asn 



250 



260 



CGA GAA TTT GAT GAA AAC ACA TGC CAG TGT GTA TGT AAA AGA ACC TGC 870 
Arg Glu Phe Asp 'Glu Asn Thr Cys Gin Cys Val Cys Lys Arg Thr Cys- 
265 .270 275, 

CCC AGA .AAT'caA CCC CTA AAT CCT GGA AAA TGT GCC TGT GAA TGT ACA . 918 
Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys Thr 
2.9 0 285 290 

GAA ACT CCA- CAG AAA TGC TTG TTA AAA GGA AAG AAG TTC CAC CAC- CAA" 96 6 

Glu Ser Pro Gin Lys Cys Leu-Leu Lys Gly Lys Lys Phe His His Gin 
■295 300 305 ^ .310 

ACA TGC AGC TGT TAC AGA CGG CCA TGT . ACG AAC CCC CAG AAG. GCT TGT. 1014 
Thr Cys Ser Cys Tyr Arg Arg Pro Cys. Thr . Asn Arg Gin Lys 'Ala Cys 
3 15 320 325 ' 

GAG CCA GGA TTT TCA TAT ACT GAA GAA GTG ,TGT CGT TGT GTC CCT -TCA 106 2 

Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val- Cys Arg Cys Val -Pro Ser 
330 . 335 ■ . . 340 

TAT TGG AAA AGA CCA CAA ATG . AGC TAAGATTGTA CTGTTTTCCA GTTCATCGA 11.L6 
Tyr Trp'Lys Arg PcO'Gln Met Ser 
345 350 

T TTC T ATT AT GGAAAACTGT GTTG . : ^ 114 0* 



(2) INFORMATION" FOR SEQ ID NO: 33:. 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 50 amino acids 

(B ) TYPE: atiu.no acid 

(D) TOPOLOGY: linear , 
(ii) MOLECULE TYPE: protein. ■ . 

. (xi) SEQUENCE DESCRIPTION : SEQ ID. NO: 33: 

Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu 

1 • 5 L0 . 15 

Arg Lys Gly Gly Trp Gin His Asn Arg 'Glu Gin. Ala Asn Leu Asn Ser. 
20 25 30 

Arg Thr Glu Glu -Thr He Lys Phe Ala Ala. Ala His Tyr Asn Thr Glu" 
35 4 0 - 45 

'lie Leu Lys Ser lie Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro 
50 55 60 

Arg Glu Val Cys lie Asp Val Gly Lys Glu Phe Gly Val Ala. Thr Asn 
65 70 75 80 

Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyc Arg Cys Gly Gly Cys 
85 90 95 - 

Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr Ser Tyr Leu 
100 105 110 

Sec Lys Thr Leu 'Phe Glu He Thr Val Pro Leu Ser Gin Gly Pro Lys. 
I L 5 - 120 125 ' 



Pro Val Thr lie Ser Phe Ala Asn His Thr Ser Cys Arg Cys Met Ser 
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Lys Leu Asp Val Tyr Arg Gin Val His Sec lie lie Arg Arg Ser Leu . 
145 150 155 160 

Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr 
1'65 170 175 

Asn Tyr Met Trp Asn Asn His He Cys Arg Cys Leu Ala Gin Glu Asp 
180 IBS 190 ' 

Phe Met Phe Ser Ser Asp Ala Gly Asp Aep Ser Thr Asp Gly Phe His 
195 ' .200 205 

Asp He Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys 
~ 210 ■ '215 -220 

Val Cys Arg Ala Gly Leu Arg Pro Aia Ser Cys Gly. Pro His Lys Glu 
225 230 - 235 .240 

Leu Asp' Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys Leu Phe Pro 
245 250 255 

Ser Gin. Cys Gly Ala Asn Arg Glu Phe Aep Glu Asn Thr Cys Gin Cys 
260 26 5 270 

Val . Cys Lys Arg Thr Cys Pro Arg^ Asn Gin Pro Leu Asn Pro" Gly Lys - 
275 280 .295 ' 

Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu Leu Lys Gly 

" 290 ' 295 300 

Lye Lys' Phe His His Gin Thr Cys Ser Cys ,Tyr Arg Arg Pro Cys Thr 
305 3 10 1 . 3.15 " ■ 320 

Asn Arg Gin- Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser Glu GLu Val 
3 2S- 330 : 335 

Cys Arg Cys Val Pro Ser Tyr Trp Lys -Arg Pro Gin Met Ser 
3 40 345 . . - . 350 



(2) INFORMATION FOR SEQ ID NO: 3 4: 

(i) SEQUENCE CHARACTERISTICS : 1 

(A) LENGTH.* 1997 base pairs 

(B) TYPE: nucleic acid 
(CJ "STHAMDEDNESS: single 
(D) TOPOLOGY: linear 

. (U) MOLECULE TYPE: cDNA 

(ix) FEATURE: , . ' 
(A) NAME /KEY : CDS 
<B) LOCATION: 352 .. 1608 

- (xi) SEQUENCE DESCRIPTION : SEQ ID NO: 34: 

CCCGCCCCGC CTCTCCAAAA " AGCTACACCG ACGCGGACCG CGGCGGCGTC CTCCCTCGCC ' 60 

CTCGCTTCAC CTCGCGGGCT CCGAATGCGG GGAGCTCGGA TGTCCGGTTT CCTGTGAGG ■ 12 0 

.TTTTACCTGA CACCCGCCGC CTTTCCCCGG CACTGGCTGG GAGGGCGCCC TGCAAAGTT 180 

GGAACGCGGA GCCCCGGACC CGCTCCCGCC GCCTCCGGCT CGCCCAGGGG GGGTCGCCG 24 0 

GAGGAGCCCG GGGGACAGGG ACCAGGAGGG GCCCGCGGCC TCGCAGGGGC GCCCGCGCC .300 

CCACCCCTGC CCCCGCCAGC GGACCGGTCC CCCACCCCCG GTCCTTCCAC C, ATG CAC 35 7 

Met His 

' - L 

TTG CT.G GGC TTC TTC. TCT GTG'GCG TGT TCT CTG CTC GCC GCT GCG CTG " 405 
Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala -Ala Leu 
.5 10 15 

CTC CCG GGT CCT CGC GAG GCG CCC GCC GCC GCC GCC GCC TTC GAG TCC \ 453 
Leu Pro Gly Pco Arg- Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu Ser 

20 - • 25 30 
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GGA CTC GAC CTC TCG 'GAC GCG GAG CCC GAC GCG GGC GAG GCC ACG GCT 50 1 

Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly-Glu Ala Thr Ala 
35 40 45 50 

TAT GCA AGC AAA GAT CTG GAG GAG CAG TTA CGG TCT GTG TCC AGT GTA . 54 9 

Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu Arg Ser Val Ser Ser Val 
55 60 65 

GAT GAA CTC ATG AGT GTA CTC TAC CCA GAA TAT TGG AAA ATG TAC AAG 597 
Afip Glu Leu Met Thr Val Leu Tyr Pro. Glu Tyr Trp Lys Met Tyr Lys 
70 .75 90 

-TGT CAG CTA AGG AAA GGA GGC TGG CAA CAT AAC AGA GAA CAG GCC AAC , 64 5. 

Cya Gin Leu" Arg Lys Gly Gly Trp Gin His Asn Arg Glu. Gin Ala Asn 
♦95 90 95 

CTC AAC TCA AGG ACA GAA GAG ACT ATA AAA TTT GCT GCA GCA CAT TAT 69 3 

Leu Asn Ser Arg Thr Glu, Glu Thr lie Lys Phe Ala Ala Ala His Tyr 
10 Q 105 110 

AAT ACA GAG • ATC TTG AAA AGT ATT GAT AAT GAG TGG AGA AAG ACT CAA . 74 1 . 

Asn Thr Glu. lie Leu Lys Ser He Asp Asn Glu Trp Arg Lys Thr Gin 
115 [ 120 125 130 

TGC ATG CCA CGG GAG GTG TGT ATA GAT GTG GGG AAG GAG TTT GGA GTC 78 9 

Cys Met Pro Arg Glu Val Cya He Asp Val Gly Lys .Glu Phe Gly Val 
135 L40 145 

GCG ACA- AAC ACC TTC TTT AAA CCT CCA TGT ~ GTG TCC GTC TAC AGA TGT 83 7 

Ala Thr Asn Thr Phe Phe Lys PrcTPro Cys Val . Ser Val Tyr Arg Cys . 
150 155 ' . . 160 

GGG GGT, TGC TGC AAT AGT GAG GGG CTG CAG TGC ATG .AAC ACC AGC . ACG 88 5 

Gly Gly Cys Cys Asn Ser Glu -Gly Leu Gin Cys Met Asn Thr Ser Thr . 
165 170 . 175- 

' AGC TAC CTC AGC AAG ACG TTA TTT , . GAA- ATT ACA GTG CCT CTC TCT CAA .93 3 

Ser . Tyr Leu Ser Lys Thr Leu Phe Glu lie. Thr Val Pro Leu Ser Gin- 
iao :. - 185 ' . 190 

GGC CCC AAA CCA GTA" ACA ATC AGT TTT GCC AAT CAC ACT TCC TGC CGA 981 
Gly Pro Lys Pro Val Thr lie Ser Phe Ala Asn His Thr . Ser Cys Arg 

.195 200 ■ 205 210 

TGC ATG TCT AAA CTG GAT GTT TAC AGA CAA GTT CAT TCC ATT ATT AGA 10 2 9 

Cys Met Ser Lys Leu Asp Val' Tyr Arg Gin Val Hxs Ser lie lie Arg 

215 " • ,220 225 

CGT, TCC CTG CCA GCA ACA CTA CCA CAG TGT. CAG GCA GCG AAC AAG ACC 1077 
Acq See' Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala' Ala Asn Lys Thr 
230 235 ' 240 

, TGC .CCC ACC AAT TAC ATG TGG AAT AAT- CAC ATC TGC AGA TGC CTG GCT 1125. 
Cys. Pro Thr Asn Tyr Met Trp Asn- Asn His. lie Cys Arg Cys Leu Ala- 
24 5 250 255 

CAG GAA GAT' TTT ATG TTT TCC TCG GAT GCT GGA GAT GAC TCA ACA GAT 117 3. 

Gin Glu Asp Phe Met Phe Sec Ser Asp Ala Gly Asp Asp Sec Thr Asp 
260 265 '270 

GGA TTC CAT GAC ATC TGT GGA CCA AAC AAG GAG CTG GAT GAA GAG ACC ' 1 2'2 1 
Gly Phe His Asp" He Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr 
,275 '280 . 285 290 

■TGT CAG TGT GTC TGC AGA GCG GGG CTT CGG CCT GCC AGC TGT GGA CCC 12S9 
Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro 
295-- . 300 305 

CAC AAA GAA CTA GAC AGA AAC TCA TGC CAG TGT GTC TGT AAA". AAC AAA 1317 
His. Lys Glu Leu Asp Arg; Asn Ser Cys Gin Cys Val Cys Lys Asn Lys 
- 310' 315 ... 320 ' - " 

CTC TTC CCC AGC CAA TGT. GGG GCC . AAC CGA GAA- TTT GAT GAA- AAC ACA. 1365 
Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr 
325 • 330 335' 



TGC CAG TGT GTA TGT AAA AGA ACC TGC CCC AGA AAT CAA CCC CTA AAT 
Cys Gin Cys Va L Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn 



1 113 
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340 345 350 



eCT GGA AAA TGT GCC TGT GAA TGT ACA GAA AGT CCA CAG AAA TGC TTG 1461 
Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu 
355 360 365 ,370 

TTA AAA GGA. AAG- AAG TTC CAC CAC CAA ACA TGC AGC TGT TAC AGA CGG 1509 
Leu Lys Gly, Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg 
375- 380 J85 ■ 

CCA TGT ACG AAC CGC CAG AAG GCT TGT GAG CCA GGA TTT TCA TAT AGT 155 7 

Pro Cys Thr Asn Arg Gin Lys, Ala Cys Glu Pro Gly Phe Ser Tyr Ser 

390 395, ,. 400 

GAA GAA GTG TGT CGT TGT GTC CCT TCA TAT TGG AAA AGA CCA CAA ATG 1605 
Glu Glu Val Cys Arg Cye Val Pro Ser Tyr .Trp Lys Arg Pro Gin Met 
405 410. 4 15 

AGC TAAGATTGTA CTGTTTTCCA GTTCATCGAT TTTCTATTAT GGAAAACTGT 1653 
Ser 

GTTGCGACAG TAGAACTGTC TGTGAACAGA GAG AC CC TTG TGGGTCCATC CTAACAAA 1713 

. CAAAAGTCTG TCTTTCCTGA ACCATGTGGA TAACTTTACA GAAATGGACT GG AGC TCA 177 8 

TGCAAAAGGC CTCTTGTAAA GACTGGTTTT CTGCCAATGA CCAAACAGCC AAGATTTT 18 3 3 

TCTTGTGATT TCTTTAAAAG AAT G ACT AT A TAATTTATTT CCACTAAAAA TATTGTTT 189 8 

CCATTCATTT TTATAGCAAC AACAATTGGT AAAAC TC ACT GTGATCAATA TTTTTATA 195 8 
ATGCAAAATA TGTTTAAAAT AAAATGAAAA TTGTATTAT '* : .' ' .1997 ' 

(.2 ) INFORMATION FOR' SEQ ■ ID NO: 35: .'. 

{•i} SEQUENCE CHARACTERISTICS: 

'(A) LENGTH: 4 19. amino acids 
(H) TYPE: amino acid ^ 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein . ■ 

(xi) SEQUENCE DESCRIPTION: SEQ- ID NO : 35: 

Met His Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala 
1 5 10 15 

Ala Leu Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe 
20 . 25 30 . 

Glu, Ser Gly Leu Asp Leu Ser Asp Ala Giu Pro Asp Ala Gly Glu Ala 

35 40 45 ' 

Thr Ala Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu Arg Ser Val Ser 

.50 55 60 

Ser Val Asp Glu Leu Met Thr Val Leu Tyr Pro Glu" Tyr Trp Lys Met 
65 70 75 80 

Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin 

85 90 ■ . 9 5 

Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala 
100 '105 U0 

His Tyr Asn Thr Glu tie Leu Lys Ser lie Asp' Asn Glu Trp Arg Lys 
115 120 125 

Thr Gin Cys Men Pro Arg Glu Val Cys He Asp Val Gly Lys Glu Phe 
130 135 140 

■Gly Val Ala Thr Asn Thr Phe Phe' Lys Pra Pro Cys Val Ser Val Tyr 
M5 ■ ■ 150, ' 155 • ' 150, 

Arg Cys Gly Gly Cys Cys- Asn Ser Glu Gly Leu Gin Cys Met Asn Thr 
165 170 175 . 

Ser Thr Sec Tyr Leu Ser Lys. Thr Leu Phe Giu lie Thr Val Pro Leu-"' 
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130 185 ' 190 

Ser Gin Gly Pro Lys Pro Val Thr lie Ser Phe Ala Asn His Thr Ser 
195 200 205. 

Cys Arg Cys Met Sec Lys Leu Asp Val Tyr Arg Gin Val His Ser lie , 
210 .215 220 

lie Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn 
225 230 2J5 240 

Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn His He Cys Arg Cys 
245 250 .255 

Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser 
260 265 270 

Thr Asp Gly Phe His Asp He Cys. Gly Pro Asn. Lys Glu Leu Asp. Glir 
. 275 280 285 

Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys 
290 . 295 300 

' Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys 
305 .3 10 3 IS , 320 

Asn Lys Leu- Phe Pro Ser Gin Cys Gly Ala "Asn Arg Glu Phe Asp Glu' 
325 . 330 335 

Asn Thr Cys Gin Cys Val Cys Lys Arg- Thr Cys Pro Arg Asn Gin Pro 

, . . - 340 . 345 " 350 

Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys thr Glu Ser Pro Gin Lys 
' 355 360 365 . 

Cys Leu Leu Lys Gly Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr 

. 370 375 " -380 

Arg Arg Pro Cys- Thr Asn Arg Gin Lys Ala Cys- Glu Pro Gly Phe Ser 
385 390 395 400 

Tyr Ser Glu Glu Val Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro 

' 405 4L0 415 - . . 

Gin Met Ser 



What is claimed is: 

1. A purified and isolated polypeptide capable of binding 
to an FU4 receptor tyrosine kinase, said polypeptide com- 
prising a portion of amino acids i-180 of SEQ ID NO: 33 
effective to permit such binding, said polypeptide lacking all 
of amino acids of SEQ ID NO: 33 beyond position 180. 

2: A pharmaceutical composition comprising a. polypep- 
tide according to claim 1 in a pharmaceutically-acceptable 
diluent, adjuvant, or carrier: 

,3. A method of modulating the activity* of human Flt4 
receptor tyrosine kinase comprising administering to a per- 
son in need of modulation of FU4 receptor tyrosine kinase 
activity a composition according to claim 2. 

4. A polypeptide according to claim 1 further comprising 
a detectable label. 

5. A purified and isolated polypeptide according to claim 
I that binds Flt4 and stimulates Flt4 phosphorylation in 
mammalian cells expressing FU4. 

6. A method of modulating the activity of human FU4 
receptor tyrosine kinase comprising contacting cells that 
express human Flt4- receptor tyrosine kinase with a polypep- 
tide according to claim 1.' 

7. A purified and isolated polypeptide capable of binding . 
with high affinity lo the extracellular domain of FU4 receptor 
tyrosine kinase (FU4), wherein the polypeptide comprises a. 
portion of SEQ ID NO: 33 effective to permit such binding, 



and wherein the polypeptide has an apparent molecular 
weight of approximately 23 kD as assessed by SDS-PAGE 
under reducing conditions. 
45 8. A pharmaceutical composition comprising a polypep- 
tide according to claim 7 in a pharmaceutically-acceptable 
diluent, adjuvant, or carrier. 

9. A method of, modulating the activity of human Flt4 
receptor tyrosine kinase comprising administering to a per- 

50 son in need of modulation of FU4 receptor tyrosine kinase 
activity a composition according to claim 8. 

10. A purified and isolated polypeptide according to claim 
7 that binds, FU4 and stimulates Flt4 phosphorylation in 
mammalian cells expressing Flt4. 

55 11. A method of modulating the activity of. human Flt4 
receptor tyrosine kinase comprising contacting cells that 
express human Flt4 receptor tyrosine kinase with a polypep- 
tide according to claim 10. 

12. A purified and isolated polypeptide according to claim 
60 10, said polypeptide comprising an amino acid sequence set 

~ forth in SEQ ID NO: 13. 

13. A polypeptide according to claim 7 further comprising 
a detectable label. 

14. A polypeptide according to claim 7 wherein said 
65 portion of SEQ ID NO: 33 effective to permit such binding 

is a continuous portion. of SEQ ID NO: 33 within amino 
acids 1-180 of SEQ ID NO: 33, v 
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15. A polypeptide according to claim 7 wherein the amino 23. A purified and isolated polypeptide capable of binding 
terminus of said portion effective to permit such binding with high alSnity to the extracellular domain of FU4 receptor 
corresponds with position 34 of SEQ ID NO: 33. tyrosine kinase, wherein said polypeptide has an apparent 

16. A method of modulating the activity of human FU4 molecular weight of approximately 23 kD as assessed by 
receptor tyrosine kinase comprising contacting cells that 5 SDS-PAGE under reducing conditions and is purifyable 
express human FU4 receptor tyrosine kinase with a polypep- from conditioned media from a PC-3 prostatic adenocarci- 
tide according to claim 7. noma cell line, said cell line having AXCC CRL No. 1435,, 

17. A purified and isolated polypeptide comprising a using an afiinity purification procedure wherein the affinity 
human polypeptide capable of binding with high affinity to purification matrix comprises a polypeptide comprising the 
the extracellular domain of FU4 receptor tyrosine kinase and 10 extracellular domain of Flt4 receptor tyrosine kinase, 
having, an apparent, molecular weight of approximately 23 24. A polypeptide according to claim 23 which is capable 
kD as assessed by SDS-PAGE under reducing conditions, of stimulating FU4 phosphorylation in mammalian cells 
wherein amino terminal ammo acids 2 through 18 of said expressing Flt4 receptor tyrosine kinase. 

human polypeptide have an amiao acid sequence corre- 25. A method of modulating the activity of human FH4 

sponding to amino acids. 2 through 18 set forth in SEQ ID 15 receptor tyrosine kinase comprising contacting cells that 

NO: 13. express human Flt4 receptor tyrosine kinase with a polype p- 

18. A method of modulating the activity of human Flt4 tide according to claim 24. -- 
receptor tyrosine kinase comprising contacting cells that 26. A polypeptide according to claim 23 further compris- 
express human FU4 receptor tyrosine kinase with a polypep- ing a detectable label. 

tide according to claim 17. 20 27. A pharmaceutical composition comprising a polypep- 

19. A purified and isolated polypeptide according to claim tide according to claim 23 in a pharmaceutically-acceptable 
17 that binds- FU4 and stimulates FU4. phosphorylation in diluent, adjuvant, or carrier. 

mammalian cells expressing FU4. 28: A method of modulating the activity of human Flt4 

20. A pharmaceutical composition comprising a polypep- receptor tyrosine kinase comprising administering to a per- 
tide according to claim 17 in a pharmaceutically-acceptable 25 son in need of modulation of Flt4 receptor tyrosine kinase 
diluent, adjuvant, or carrier. ; activity a composition according to claim 27. 

21. A method of modulating the activity of human Flt4 29. A method of modulating the activity of human Flt4 
receptor tyrosine kinase comprising administering to a per- receptor tyrosine kinase comprising contacting cells that 
son in need of modulation of Flt4 receptor tyrosine kinase express human FU4 receptor tyrosine kinase with a polypep- 
activity a composition according to claim 20. 30 tide according to claim 23. ~ . < 

22. A polypeptide according to claim 17 further compris- 
ing a detectable label. - * * * * + 
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